The paper presents the structure of the benthonic macro-invertebrates communities in the Berzasca, Sirinia, Liubcova, and Mraconia rivers. The results are based on quantitative benthos samples (95 samples), collected in July 2014 from 19 sampling stations within the study area. In longitudinal profile, the benthonic macro-invertebrate communities of the Sirinia, Liubcova and Berzasca rivers displays relatively large structural variability, while the communities of the Mraconia River displays smaller structural variability. The structure of the benthonic macro-invertebrate communities correlated with the biotope characteristics indicates the good ecological status of the analysed rivers, with the exception of the Berzasca River sector downstream of the town of Berzasca and immediately upstream of the Danube junction, a sector with moderate ecological status due to negative effects from man-made modifications in the lotic biotope of the sector.
INTRODUCTION
Construction of the "Iron Gates" I (1972) for hidroenergy and navigation complex modified the hydrological regime of the Danube and its tributaries at the confluence with the newly-created reservoir lake (Ujvari, 1959) . After the dam was constructed across the Gura Valley, and the reservoir lake was formed, the river mouths of all Danube tributaries became flooded and turned into bays.
Considering these aspects, this study aims to analyze the longitudinal dynamics of the benthic macroinvertebrate communities of the Danube tributaries flowing from the left side, from the "Iron Gates" area ( Fig. 1 ): Berzasca River, with a catchment area of 229 km²; Sirinia, with a catchment area of 74.2 km², and Mraconia, with a catchment area of 113 km² (Tetelea, 2014) .
These rivers have their sources in the Almăj Mountains and cross some sparse settlements at the confluence with the Danube. The study area is part of the "Iron Gates" Natural Park.
These analyzed rivers are classified as western Carpathian type, characterised by flood waters during spring and winter, while winter leakage is more important, due to Mediterranean climate influences which induces the early melting of snow. Rivers are short with large slopes and relatively high flow rates, resulting in a large volume of alluvial material dislocated from the riverbed (Ujvari, 1959) .
Studies of the invertebrate communities in northern Danube tributaries of the "Iron Gates" were conducted during 1959 to 1970, before the dam construction and reservoir filling: Botoşănenu (1959) studied fauna of caddisflies, Prunescu-Arion (1968) recorded data on benthic fauna, Antonescu et al. (1969) carried out hydrobiological research on rivers Berzasca and Sirinia, Brezeanu, Prunescu-Arion, and Popescu Marinescu (in Buşniță et al., 1970) studied the taxonomic structure of macroinvertebrate communities in the rivers: Bozneaţca, Varada, Sicolovăţ, Alibeg, Liuborajdea, Cruşovăţ, Cameniţa, Oraviţa, Berzasca, Sirinia, Elişeva, Povalina, Tisova, Plavişevița, Mraconia, Eşelniţa, Cerna, Vodiţa, Bahna, and Dubova. (Badea et al. 1983; Posea, 1982; Roşu, 1980) .
MATERIAL AND METHODS
The results are based on quantitative benthic macroinvertebrate samples (95 samples) taken in July 2014 from 19 stations of the reference areas, located at approximately five km intervals along the four studied Danube tributaries (Fig. 2) .
In each station, quantitative samples were taken from five separate points, in order to highlight the specific diversity of local micro-habitats. The sampling was carried out with an 887 cm 2 surface Surber Sampler, with a 250 µm mesh net. The sampled biological material was fixed in 4% formaldehyde solution and was analyzed in the laboratory with an Olympus (150X) stereomicroscope. The invertebrates were identified to order except Oligochaeta, Hirudinea and Chironomidae and the counts were converted to number of individuals per square meter (ind./m 2 ). For the quantitative structure description of the macroinvertebrate communities we used relative abundance (A%) and mean density (Ds) measures.
The assessed biotope variables were: altitude, slope, riverbed width, depth, substratum types, channel modification (expressed as a percentage in comparison to the natural state), riverine vegetation and water physico-chemical characteristics (pH, total dissolved solids -TDS, dissolved oxygen -DO). The substratum types (mud, sand, gravel, pebbles, cobbles, and boulders) were expressed as percentages of the transversal section surface (20 m length). 
RESULTS AND DISCUSSION
The benthic macroinvertebrate groups with the largest distribution in the reference area are Ephemeroptera, Plecoptera, Trichoptera, and Chironomida, present in all the analysed river sectors. Groups with a more restricted distribution included the Tricladida, Gastropoda, Oligochaeta, Hydracarina, Amphipoda, Odonata, Heteroptera, Coleoptera, and Dipterans other than Chironomidae Family (Tab. 1).
The similarity analysis of the benthic macroinvertebrate communities in the six lotic sectors studied on the Berzasca River, based on the relative abundance values of the present taxa, reveals the fact that they can be classified into five groups ( Fig. 3 ; Tab. 1): I. communities dominated numerically by Ephemeropterans, accompanied by the Planaria, the Trichopterans and the Chironomids, with relative abundances between 10% and 13%, present in B1; II. communities dominated numerically by Ephemeropterans and Trichopterans, accompanied by the Oligochetes and the Plecopterans with relative abundances between 15% and 20%, present in B3; III. communities dominated numerically by Ephemeropterans and Plecopterans, in which Oligochetae present relative abundances comprised between 15% and 20%, present in B2 and B4; IV. communities dominated numerically by Ephemeropterans and Plecopterans, accompanied by Trichopterans and Chironomids with relative abundances between 13% and 19%, present in B5; V. communities dominated numerically by Chironomids, present in B6. A relatively large structural difference was found between communities from the sectors B1 -B5 and that of sector B6 -upstream of the Danube confluence, an area where the lotic habitat is modified by humans and impacted by pollution from waste water and domestic waste generated by the village of Berzasca. The benthic macroinvertebrate communities of Sirinia River present a relatively high structural variability along the river (Fig. 2 , Tab. 1).
In the upper river sector -sector S1 -the numerically dominant taxa are the Ephemeroptera and the Trichoptera, followed by Chyronomida. In this sector, Plectoperans have a relative abundance smaller than 10%, Amphipods and Dipterans have relative abundances between 12% and 20%; sector S2 is numerically dominated by Ephemeropterans, Oligochetae and Dipterans, and, with relative abundances less than 10%, Plecopterans, Trichopterans, Turbelariatae and Coleopterans; downstream, sector S3 is numerically dominated by Ephemeropterans and Dipterans, with lower abundances of Trichopterans (18.64%) and Plecopterans (13.28%), and, with relative abundances under 7%, by Oligochetae, Coleopterans, Amfipods, Turbelariates and Hydracarians; in the lower sector -sector S4 -the Chironomids dominate in numbers, followed by Oligochaeta with relative abundances of 17.23%, with Ephemeropterans, Plecopterans, Trichopterans, Turbelariates, Amfipodes and Hydracarians also being present. Based on the values of relative abundances of the present taxa, the benthic macroinvertebrate communities of the five river sectors analysed along the Liubcova River can be classified in three groups (Fig. 3 Benthic macroinvertebrate communities of all four studied sectors along Mraconia River have a relatively small structural variability (Fig. 4 , Tab. 1), and they can be grouped in two classes: I. Communities in which Ephemeropterans and Plecopterans are numerically codominant, with Oligochaetes and Dipterans present in relative abundances ranged between 10% and 19%, and Trichopterans, Coleopterans and Amphipods present in abundances smaller than 10%, present in M1, M2 and M4; II. Communities in which Dipterans and Ephemeropterans are numerically co-dominant, with Oligochaetes and Plectopterans present in small abundances (10.59% and 8.84% respectively), and Trichopterans, Amphipods, Coleopterans and water mites present with relative abundances smaller than 5%, present in M3. In the reference area, the highest density of benthic macroinvertebrates was recorded in Berzasca River (Fig. 5, Tab. 1 ), within the sector placed at 5.5 km upstream of the confluence with the Danube (B5).
High density of Plecopterans is associated with river sectors with a fast flow and a substratum predominantly formed of cobbles and boulders; Ephemeropterans develop populations with a large number of individuals in most of the river sectors, except the sectors in which sedimentary substratum is prevalent -sand and mud. In the case of the other benthic sectors, a dependence pattern of the density on the prevalent substratum type cannot be described in a certain sector.
In terms of biotope conditions, although they occur at relatively low altitudes (under 375 m), the studied rivers have a mountain character up to about 5-6 km upstream the confluence with the Danube, with well oxygenated waters, slightly basic pH and a content of total dissolved solids ranging between 207 mg/l (in M1) and 364 mg/l (in L4 and L5) (Tab. 1). Table 1 : Benthic macroinvertebrate community structure in Berzasca River (B1 -B6), Sirinia River (S1 -S4), Liubcova River (L1 -L5) and Mraconia River (M1 -M4), (Ds -mean density, A% -relative abundance) and riverbed characteristics (Wm -minimum width, WAaverage width, WM -maximum width, Dm -minimum depth, DA -average depth, DM - Table 1 (continued): Benthic macroinvertebrate community structure in Berzasca River (B1 -B6), Sirinia River (S1 -S4), Liubcova River (L1 -L5) and Mraconia River (M1 -M4), (Ds -mean density, A% -relative abundance) and riverbed characteristics (Wmminimum width, WA -average width, WM -maximum width, Dm -minimum depth, DAaverage depth, DM -maximum depth, m -mud, s -sand, g -gravel, p -pebbles, c -cobbles, b -boulders, g + m -gravel covered with thin layer of mud). Table 1 (continued): Benthic macroinvertebrate community structure in Berzasca River (B1 -B6), Sirinia River (S1 -S4), Liubcova River (L1 -L5) and Mraconia River (M1 -M4), (Ds -mean density, A% -relative abundance) and riverbed characteristics (Wmminimum width, WA -average width, WM -maximum width, Dm -minimum depth, DAaverage depth, DM -maximum depth, m -mud, s -sand, g -gravel, p -pebbles, c -cobbles In the case of the rivers Berzasca and Sirinia, a significant difference is clear between the structure of the communities of the river sector from 50 m upstream of the confluence with the Danube and the upstream communities. This difference is most likely due to the transition from the mountain lentic habitats upstream, and the habitats downstream, closer to the Danube confluence.
The structure of the benthic macroinvertebrate communities, in correlation with the biotope features, reveals that the studied rivers have a good ecological state, with the exception of the sector of the Berzasca River situated directly downstream from Berzasca Village and immediately upstream from the confluence with the Danube, which has a moderate condition, as a result of anthropic modification of the lotic biotope.
